ABSTRACT Two groups of normal subjects were immunised with live attenuated influenza virus given by the intranasal route. One group was then treated with placebo capsules for 48 hours. At the end of this time an increase in sensitivity to inhaled histamine was found but with a coincident decrease in reactivity. The other group was treated with indomethacin (50 mg four times daily). The increase in sensitivity associated with influenza vaccination was prevented but there was a significant increase in reactivity. It is proposed that prostaglandins released as part of the inflammatory response in the airways after viral infection may be concerned in induction of the changes in response to histamine observed under these conditions. Exacerbations of symptoms in asthmatic patients are frequently associated with acute viral infections of the respiratory tract.' 2 At such times the response to inhaled bronchoconstrictor agents has also been shown to be increased.34 This hyperresponsiveness of the airways develops within two to three days of the appearance of symptoms and lasts for several weeks after symptoms resolve.
Exacerbations of symptoms in asthmatic patients are frequently associated with acute viral infections of the respiratory tract. ' 2 At such times the response to inhaled bronchoconstrictor agents has also been shown to be increased.34 This hyperresponsiveness of the airways develops within two to three days of the appearance of symptoms and lasts for several weeks after symptoms resolve.
Viral infections of the respiratory tract may be associated with some degree of narrowing of the small airways.56 The changes in airways responsiveness observed in these studies, however, did not correlate temporally with changes in airways calibre7 and even occurred in their absence. 8 Hyperresponsiveness of the airways has been found 24 hours after subcutaneous injection of vac 
Methods
Twenty normal, non-atopic, non-asthmatic volunteers took part after informed consent had been obtained. They had a mean age of 29 years (range 19-50) and were non-smokers.
The general method was similar to that used in the other study reported in this issue (pp 188-94). On the first day of study a histamine inhalation doseresponse curve was constructed. The concentrations of histamine diphosphate ranged from 0-1 mg/ml to 50 mg/ml in nine increments and were administered via a Wright's nebuliser driven by compressed air at 20 lb/in2 (137-9 kPa). Each dose consisted of 10 tidal breaths of the appropriate concentration of solution and was standardised by a respiratory metronome set at 18 breaths/min. Doses were given at three-minute intervals.
Specific airways conductance (sGaw) was measured in a constant-volume whole-body plethysmograph, at each time point the last six of seven technically satisfactory readings being recorded. Baseline sGaw was taken as the mean of two such sets of readings, obtained five minutes apart just before the first dose of histamine and after the subject had been sitting quietly in the laboratory for 15 minutes. sGaw was measured one and a half to three minutes Walters after each dose of histamine. Resistance and volume angles were measured with the aid of an electronic resolver displayed on the oscilloscope screen. The actual numerical values of the angles were thus out of sight of the operator until the end of the measuring procedure in the hope of preventing subjective bias. At the end of the first histamine challenge 10 ml of venous blood were taken and spun down and the serum was stored at -20°C. A single dose of Nasoflu RIT 4199 vaccine was then administered intranasally. This consisted of live attenuated influenza virus of the A/Alaska/77 (H3N2) strain and was provided by Smith Klein, Belgium, as an off-white pellet contained in a glass vial with a separate plastic tube containing clear colourless sterile diluent (dextrose solution). The vaccine was reconstituted with the diluent and administered as drops into both nares, the subject lying supine with the head extended. After a few seconds subjects were asked to sniff gently and then remain supine for about 10 minutes. They avoided sneezing and nose blowing for the next 30 minutes if possible.
Subjects were then immediately allocated to treatment with either indomethacin (50 mg four times a day orally) or identical placebo capsules. This was done in random order and double blind, 10 subjects entering each group. Treatment continued for 48 hours, after which a second histamine challenge was performed one and a half to two hours after the last capsule. Each subject at that time was questioned about the presence of coryzal symptoms.
Three weeks after immunisation a second blood 03 10 sample was obtained and the serum stored. Serum samples from all subjects were subsequently tested for a greater than four-fold rise in the titre of haemagglutination inhibition (HI) antibody to the A/Alaska influenza strain. The regression line of the descending part of each log-cumulative histamine dose-response curve was computed for values with a 15% or greater fall in sGaw. The dose of histamine which caused a 20% fall in sGaw (D20) was calculated from this and used as an index of airways sensitivity. The slope of the regression line was taken as the reactivity of the airways. Values of baseline sGaw, log D20, and slope were compared with Student's t test. Linear regression analyses were performed on control values of baseline sGaw, D20, and slope and also on changes in these indices.
Results
The results are shown in the figure and in tables 1 and 2. Inadvertently, on entry to the study the placebo-treatment group had a higher mean baseline value of sGaw than the indomethacintreatment group: 3*6 compared with 3-1 s-' kPa-' respectively (p < 0-005). The initial mean value for the slope (reactivity) was also greater in the placebo group: -2*05 compared with -1-62 s-' kPa-' (p < 0.05). There was, however, no significant difference in mean value of log D20 for the two groups.
Forty-eight hours after immunisation the placebo treatment group showed a small and non-significant fall in baseline sGaw to a mean of 3-5 s-' kPa-'.
There was a significant increase in sensitivity at this time with a fall in log D20 (p < 0-002); the mean value of D20 fell from 20-9 to 7-8 mg/ml. There was, however, a concurrent decrease in reactivity (p < 0-002), the mean value of the slope then being -1-30 s-' kPa-'. Forty-eight hours after immunisation the group receiving indomethacin treatment showed a small but significant increase in baseline sGaw to 3-2 s-' kPa-' (p < 0-05). There was no significant change in log D20 but a significant increase in reactivity was found (p < 0-02), the mean value of the slope being -2-26 s-' kPa-'.
Forty-eight hours after immunisation there was no longer a significant difference in baseline sGaw values between the two treatment groups or in values of log D20 (although the mean was now lower in the placebo treatment group). There was, however, a highly significant difference in reactivity, which was now greater in the indomethacin-treated group (p < 0-005). The change in sensitivity was significantly greater after immunisation plus placebo than after immunisation plus indomethacin (p < 0-02 for the absolute change in D20 and p < 0-005 for the change in log D20).
Linear regression analysis showed a significant positive correlation between control values of baseline sGaw and slope (r = 0-58, p < 0-01), but there was no significant correlation between values of baseline sGaw and D20 (r = 0.05) or between control values of D20 and slope (r = 0-26).
There was no significant correlation between AsGaw and AD20 in either treatment group (r = 0-39 for placebo and 006 for indomethacin). Similarly, there was no significant correlation between AsGaw and A slope (r = 040 for placebo and 048 for indomethacin).
Five subjects from each group complained of coryzal symptoms (malaise, sore throat, hoarseness, or nasal congestion). Six subjects in the indomethacin-treatment group and five in the placebo group showed a greater than four-fold rise in HI antibody titre. Some subjects developed both. Only three subjects developed neither symptoms nor antibody rise-one treated with indomethacin and two with placebo. Both of these two, however, still showed a considerable increase in sensitivity to histamine.
Discussion
Influenza immunisation with live attenuated virus via the nasal route caused a significant increase in sensitivity to histamine in a group of otherwise healthy volunteers. This increase in sensitivity was prevented by treatment with indomethacin.
There was a higher mean baseline sGaw value in the subjects subsequently treated with placebo than in those treated with indomethacin and this was associated with a greater initial reactivity. This confirms the positive correlation between baseline sGaw and slope previously noted. ' 2 After immunisation alone there was, paradoxically, a decrease in reactivity whereas after immunisation plus indomethacin there was in contrast a small but statistically significant increase in reactivity. These changes cannot be explained solely in terms of fluctuations in baseline sGaw, but possibly reflect modifications to the proposed prostaglandinmediated mechanisms within the airways which are thought to limit reactivity. '3 In the present study there was little overlap between development of a rise in titre of antibody to influenza virus and coryzal symptoms, although 17 out of 20 subjects developed one or both. It is difficult to know which of these changes was more likely to be important in the present study. Further, two subjects in the placebo group who developed neither change showed considerable responsiveness after immunisation. In '4 Another hypothesis, based on the results of the current experiments, is that prostaglandins generated as a part of the inflammatory response to viral infection in the airways mediate the increase in sensitivity to histamine. The change could well be at the level of the airways smooth muscle itself. A change in vagal reflex activity cannot be excluded, however, and prostaglandins could be responsible for "sensitisation" of airways irritant receptors. '6 I am indebted to Professor CW Potter, department of virology, Sheffield University, for measuring the antiviral antibody titres and for his advice on the study. 
